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(57) A nonaqueous secondary battery comprising a 
negative electrode, a positive electrode in which a chat 
cogenated substance containing lithium is used as a 
positive electrode active material and a nonaqueous ion 



conductor, said negative electrode containing a nega- 
tive electrode active material which is a carbon material 
where an amorphous carbon is adhered on the surface 
of graphite particles which are subjocted to an oxidizing 
treatment. 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 



The present invention relates to a nonaqueous secondary battery and to a method of manufacturing a negafve 
electrode active material. More particularly, it relates to a nonaqueous secondary battery where graph,te particles ,n 
whSercatation and deintercalation of lithium are possible are used in an negate e.ectrode and also to a method 
io of manufacturing a negative electrode active material. 



2. Related Arts 



With the trends of making the size, the weight and the electric consumption of electronic instruments and the like 
BmaJTlSnSiJ respectively, secondary batteries using an alkali metal such as lithium have been attrac ,ng 
oub. c attent £, However, when lithium metal alone is used in a negative e.ectrode of the battery, there is a prob em 
S afa "esult o°Tepea ed charges and discharges (i.e. repeated depositions and d.sso.ut.ons of lithium metaO. 
d^ndriL (crystals in a shape of branches of a tree) are generated on the surface of the meta. and as they grow up_ 
tey peneul through a separator of the battery and contact the positive e.ectrode whereby a short c.rcu.t ,s induced 
^L tnner Tart of the battery. It has been known that, when a lithium alloy is used as a negat.ve electrode of the 
se^nd bat ery ins ead of a lithium metal, formation of the dendrite is prevented as compared w.th the case of the use 
o^hiom metal alone and the characteristics of the charge<iischarge cycle are .mproved. However ^e useof 
me alloy is not effective in perfectly preventing the formation of the dendrite but a P oss,b,l,ty of a s ^rt c.rcu t ,n the 
mef part o, the battery stit. considerably remains. In addition, the use of the a.loyed negafve electrode causes an 
Increase in the weight whereby an advantage of the Hght weigh, of the secondary batter.es by the use of Mhtum ,s 

det 7n 0 recen. vears there has been a development on the matrix materials such as electroconductive polymers and 
ca^Z^MgL absorption-desorption steps of lithium ion instead of utilization of mhium meta or alloy 
'hereof Z negative electrode. As a result thereof, formation of dendrites which occurred when ..th.urn metal or a oy 
he eo is uSfzed does not take place on a principal basis whereby a problem of short c.rcu.t .n the .nner part of battenes 
ZZ££££Tn has been especially known that the absorption^esorption potentia. of the carbon mater«.sjs 
neare the deposition-dissolution potentia. of lithium than other materials. Among them, a graphrte ^tenal ,s theoret- 
S capable of incorporating one lithium atom per six carbon atoms into its crystal lattice and^therefore t ,s a carbon 
materS having a high capacity per unit weight and unit volume. In addition, its intercalation erca.ation poten^al 
olmhium ITS or uniform and I is a chemically stable materia, and, accordingly, it greatly contnbutes to the cycle 

^"Examples - the use of the carbon materia, of a graphite type as an active material ^e n^e ^^ as 
. * u \jm 197 pnnqn 990^ and the Laid-Open Japanese Patent Laid-Open Nos. 4(1992)- 

m ST^HlTS TS^T^aZSr u« o, sur,ace.p,oces.«, carbon m a«a, o, . = . 
^»an2 — w Z nag.ii.e e le c„od, as diseased in ,h. Japanasa Pa,,m Uid<,pan Nos. 4„ 992>- 

M™ZTe carbon materia, can achieve a high capacity as mentioned above, there is still a problem that, due 
to its Z cVla*X "causes a decomposition of an electrolytic solution (a nonaqueous ionic conductor). For exa^ 
Tp^eZT^Znaxl (PC) which is one of the solvents for organic electrolytic solutions has been w-de V used as 
as'oZttt^ 

anri hiQh ch e m ical stability However, it was reported in J. Electrochem. Soc, Vol. 142. 1746 (1995) that, wnen me 
^y^eMo ^pL type is used as a negative electrode active material, the negative electrode^consistjng o 
a tZTZe!^ a graphite type is not capable of being charged and discharged n case PC of as htt.e as 10/ o ,s 

" ^Thas Zln^ZZ™™ a carbon materia, of a graphite type can be used as a negative electrode for mhium 
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temperatures and, when a secondary battery using said electrolytic solution and a carbon material of a graphite type 
as a negative electrode is prepared, it is very difficult to improve the temperature characteristics or the current char- 
acteristics of said battery by means of selection of the electrolytic solutions because the choices for the solvents which 
can be used for secondary batteries are very little. 

In order to solve such problems, the use of carbon materials wherein the surface of graphite particles are coated 
with a lowly crystalline carbon as negative electrode active materials for secondary batteries has been proposed as 
mentioned, for example, in the Japanese Patent Laid-Open Nos. 4(1992)-368.778 and 5(1993)-121 ,066. That is an 
effective means for inhibiting the decomposition of the electrolytic solution to increase the discharging capacity and to 
improve the cycle characteristics. However, when a secondary battery is prepared using an electrolytic solution mainly 
comprising a PC, there are problems that, as a result of pulverization for making the particle size uniform during the 
manufacturing stage of its negative electrode or as a result of kneading upon manufacture of the electrode materials 
and of coating onto a power collecting plate, the lowly crystalline carbon coated on the graphite particle surface is 
peeled off whereby the electrode is destroyed by generation of gas due to decomposition of the electrolytic solution 
resulting in a decrease in a capacity of the battery and a deterioration of the cycle characteristics. In addition, further 
steps such as pulverization are necessary whereby there is another problem that the manufacturing cost is high even 
if a graphite material with a low price is used. 

As a method where far lower manufacturing cost can be expected, there is a method in which a carbon precursor 
such as pitch is mixed with the graphite followed by calcinating as disclosed in the Japanese Patent Laid-Open No. 6 
(1994)-84,51 6. However, there is a problem in this method that, because the liquid-phase steps are used, the graphite 
particles coated with a lowly crystalline carbon adhere each other and active surfaces of the graphite appear again by 
a pulverization in the manufacturing steps of the negative electrode whereby decomposition of the PC takes place. 

As mentioned hereinabove, a problem has now been found that, when the surface of the graphite particles are 
coated with a lowly crystalline carbon, the adhesive strength of the graphite particles with the lowly crystalline carbon 
is weak resulting in an immediate peeling off whereby decomposition of the electrolytic solution is resulted. Accordingly, 
there is a problem even by such a method that the characteristic properties of the battery are deteriorated and the yield 
in the manufacture of batteries is lowered. 



SUMMARY OF THE INVENTION 

In order to solve the above-mentioned problems, the present inventors have conducted an intensive study and, 
as a result they have found that, when graphite particles are oxtdized prior to adhering the amorphous carbon on the 
surface of the graphite particles, the amorphous carbon can be adhered more strongly whereupon the present .nvention 
has been achieved. It has been also found that, as a result of oxidation of the graphite particles, the amorphous carbon 
can be quickly sedimented in adhering the amorphous carbon to the surface of the graphite particles by means of a 
gas-phase pyrolytic deposition method. 

Thus, the present invention provides a nonaqueous secondary battery comprising a negative electrode, a positive 
electrode' in which a chalcogenated substance containing lithium is used as a positive electrode active material and a 
nonaqueous ion conductor, said negative electrode containing a negative electrode active material which is a carbon 
material where an amorphous carbon is adhered on the surface of graphite particles 'which are subjected to an oxidizing 
treatment. 

The present invention further provides a method of manufacturing a negative electrode active material comprising 
the steps of: oxidizing the graphite particles and; adhering an amorphous carbon on the surface of graphite particles 
to form a negative electrode active material. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram illustrating an apparatus for manufacturing the amorphous carbon of the present 
invention; 

Fig. 2 is a graphical representation illustrating the discharging capacity, the initial charging-d.schargmg efficiency 
and a ratio PC to PC+ EC by volume in Example 1 and Comparative Example 1 ; 

Fig. 3 is a graphical representation illustrating the cyclic characteristics in Example 16 and Comparative Examples 
10-12; 

Fig 4 is a schematic diagram illustrating a coin-type battery of the present invention; and 

Fig. 5 is a graphical representation illustrating the cyclic characteristics of the coin-type batteries in Example 20 

and Comparative Examples 14 and 15. 



EP 0 808 798 A2 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

It is preferred that the graphite particles used in the present invention are capable of intercalating and deintreca- 
lating the lithium. Examples of the graphite particles are natural graphite, artificial graphite and expanded graphite, 
s Mori preferred graphite particles are those in which the average lattice spacing (d**) of the plane (002) by an X-ray 
wide angle diffraction before the oxidizing treatment is 0.335-0.340 nm, the crystallite th.ckness (Lc) ,n , the d.rect on of 
the plane (002) is not less than 10 nm and the crystallite thickness (La) in the direction of the plane (110) ,s not less 
nan 10 nm and/or those in which the ratio of the peak intensities at 1360 cm- to 1580 cm- by a Raman scatter.ng 
using an argon laser before the oxidizing treatment is not more than 0.4 and said intensity ratio postenor to the adhes.on 
10 of the amorphous carbon is not less than 0.4. 

When the d nn , of the graphite particles prior to the oxidizing treatment is more than 340 nm, both Lc and La are 
lessman 10 nm and the ratio of the peak intensities of 1360cm-i to 1580cm-i js more than 0.4, that is not preferred 
because the crystallinity becomes low and the particles are unable to achieve the high capacity as the negat.ve elec- 
ts "^iTZtenedtal the specific surface area of the graphrte particles before the oxidizing treatment as measured 
bv a BET method is 5-1 50 cm^/g and the average particle size is 0.7-80 urn. Parameters outs.de the above range are 
not p-ferred because, when the specific surface area of the graphite particles is .ess than 5 m*/g the contact-nc , area 
2 'the nonaqueous ionic conductor becomes small and the current characteristics of the e^ctrode become low wh .to 
when i. is more than 150 rrvVg. the contacting area with the nonaqueous ionic conductor becomes too targe and the 
" * self discharge becomes big as well. When the average particle size of the graphite part.cles ,s ™^*™™ V™> 
Lre is a big possibility that the graphite particles permeate through the pores of the separator of he battery ^resu tog 
in an internal short circuit while, when it is more than 80 pm, handling in the steps for manufacture the electrode 
becomes bad Thus, they are not preferred too. More preferred average particle size is 3-50 pm. 

Ten, in the presentation; the graphite particles are subjected to an oxidizing treatment before adhering , he 
2S amorphous carbon lo the surface of the graphite particles. As a resutt of subjecting the graphite .part.cles ° ^« °x^.ng 
Treatment, it is considered that functional groups containing oxygen may be formed on the surface and the amorphous 
cTrbon may be chemically bonded via said functional groups whereby the graphite particles and the amorphous carbon 
are morTtigh.ly adhered. I, is also likely that, when the graphite particles are oxidized, the surface becomes phys.ca.ly 
rouqh whereby the adhesive strength of the amorphous carbon to the surface is increased. 
30 Examples of such an oxidizing treatment are a method where the graphite particles are ox.d.zed .n an a.r or .n an 

atmosphere of oxidizing gas such as oxygen, carbon dioxide and aqueous vapor; a method where they are ox.d.zed 
in a solution of an inorganic acid (e.g., nitric acid, sulfuric acid, hydrochloric acid or hydrofluor.c ac.d). an organic ac.d 
(e q formic acid, acetic acid, propionic acid or phenol) or an oxidizing agent (e.g., potassium permanganate or hydro- 
gen peroxide), and a method where they are oxidized by a thermal treatment in an aqueous alkaM solut.on of potass.um 
3 s hydride, sodium hydroxide or lithium hydroxide, or with a solid of such alkali salt, although the present .nvent.on .s 

When thToTdizing treatment with air is used, the oxidizing temperature is preferably 200-700°C, more preferably 
500-700»C The temperature range outside the above is not preferred because, when the oxidizing temperature ,s 
lower than 200°C, the oxidation time becomes longer resufting in a high production cost while, when it .s higher than 

'~ . 700-C, combustion of the graphite may take place. In case where the atmosphere of oxidizing gas .s used, the above 
condition shall be properly modified. . . 

in The case of an oxidation using nitric acid as the representative inorganic acid, the preferred ox.djz.ng temperature 
is 20-1 30°C. The temperature range outside that is not preferred because, when it is lower than 20 C, the graph.te 
particles are not oxidized while, when it is higher than 130°C, there is a decrease in the safety because , Us h.gher 

45 man the boiling point of nitric acid. Preferred concentration of nitric acid is 5-99% by we.ght. The concentrate range 
outeide that is not preferred because, when the concentration is lower than 5% by weight, the t.me for ox.dat,on ,s long 
Resulting in a high production cost. Concentration of the commercially^vailab.e fuming n, nc ac.d ,s 99% by we.gh 
and it is difficult to obtain the nitric acid having the higher concentration than sa.d concentrate whereby that ,s not 
preferred Preferred time for the oxidation is not longer than 20 hours but the present invention .s not l.m.ted I thereto. 

so When other inorganic acids or organic acids are used, appropriate condition shall be selected tak.ng due cons.derat.on 

of the above condition. A . t . . . n 

When the oxidation is conducted using the alkali solution or the alkali fused salt, .t .s preferred that a heat.ng 
treatment is conducted by mixing a alkali salt of solid state with the graphite particles, or the graphite parties are 
dispersed in the alkali solution, dried and then subjected to a heating treatment although the present .nvent.on .s not 
ss limited thereto. Preferred temperature for the heating treatment is near the melting point of the alkal. and, preferably, 
it is 300-700°C The temperature range outside that is not preferred because, when the temperature .s lower than 
300°C, the alkali does not melt while, when it is higher than 700°C, the chamber for the heating treatment .s s.gn.f.cantly 
corroded. 
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In the case where an oxidizing treatment is conducted using potassium permanganate, it is preferred that potassium 
permanganate is used in the form of an aqueous solution having a concentration of 0.01 -1 mole/liter. Incidentally, when 
the concentration of potassium permanganate is too low, it is necessary to oxidize at high temperature or for long time. 
That is not preferred because the high temperature makes the manufacturing steps troublesome while an oxidation 
s for iong time makes the production cost high. On the other hand, too high concentration of potassium permanganate 
is not preferred because, after the treatment, much manganese compounds may remain in the graphite particles where- 
by it is necessary to wash with an acid for long time and, moreover, the capacity per gram of the active material is 
reduced The temperature is preferably in the range of room temperature to 100°C. 

In the case where the oxidizing treatment is conducted with the alkali or potassium permanganate, washing with 

io an acid is preferably conducted because the residues after the oxidizing treatment are removed and, at the same time, 
the amorphous carbon can be more strongly and quickly adhered to the graphite particles resulting in a negative 
electrode active material having a high capacity. Examples of the acids used for washing are inorganic acids such as 
sulfuric acid, nitric acid, hydrochloric acid, phosphoric acid or hydrofluoric acid. Those acids may be used either solely 
or jointly. In addition, either diluted acid or concentrated one may be used so far as the acid is capable of dissolving 

is the residues after the oxidizing treatment. 

Then the amorphous carbon is adhered on the surface of the oxidized graphite particles to give a negative electrode 
active material Preferred examples of methods for adhering the amorphous carbon onto the surface of the oxidized 
graphite particles are a method in which the amorphous carbon is adhered by means of a gas-phase py rolyt.c deposition 
of hydrocarbons a method in which a carbon precursor is mixed with the graphite particles in a liquid phase followed 

20 by calcinating and a method in which a carbon precursor which is carbonized in a solid phase is mixed with the graphite 
particles followed by calcinating although the present invention is not limited to the above-exemplified ones only. Among 
the above-mentioned adhering methods, a gas-phase pyrolytic deposition method is preferred because the amorphous 
carbon can be quickly deposited by said method. 

It is preferred that the thickness of the amorphous carbon is 0.001-1 um The thickness range outs.de the above 

25 is not preterred because, when it is less than 0.001 urn, the area of the graphite particles which decomposes the 
electrolytic solution is not inactivated while, when it is more than 1 pm. the rate of the graphite particles which constitute 
the nuclei decreases whereby the capacity as a negative electrode is lowered. Incidentally, the term amorphous carbon 
used in the present invention means the carbon wherein the hexagonal net planes of the crystallites are irregularly 
layered as compared with the graphite particles, wherein microcrystals are accumulated or wherein the binding state 

30 is other than the s P 2 hybrid orbit whereby the average lattice space as measured by an X-ray powder diffraction are 
larger than those of the graphite particles. 

The negative electrode may be prepared by mixing the above-menlioned carbon material (a negative electrode 
active material) where the amorphous carbon is adhered on the surface of the graphite particles together with a binder. 
Examples of the applicable binders are a fluorinated polymer such as polyvinylidene fluoride and polytetrafluorocthyl- 

35 ene an olefinic polymer such as polyethylene and polypropylene; synthetic rubbers; and the like, which are usually 
used in the mixture or solution form using a solvent, although the present invention is not limited thereto. 

It is preferred that the mixing ratio (by weight) of the carbon material to the binder is from 99:1 to 70:30. The ratio 
— range outside the above is not preferred because, when the ratio by weight of the binder is more than 70:30, the internal 
resistance or polarization of the electrodes becomes larger to decrease the discharging capacity whereby the pract.cal 

40 lithium secondary battery cannot be manufactured while, when it is less than 99:1 , the binding ability of the negative 
electrode active material itself or of said material with the collector is not sufficient resulting in a detachment of the 
negative electrode substance and a decrease in the mechanical strength whereby the manufacture of the battery 
becomes difficult It is preferred for improving the binding ability and also for removing the solvent of the binder in the 
manufacture of the negative electrode that the heating treatment is conducted in_vacuo, m an inert gas or m an air at 

4S the temperature of not lower than the boiling point ofthe solvent and of around the melting point of the binder. 

Collectors for the negative electrode may be made of copper, nickel or the like. In addition to a foil form, the collector 
may be also in a film form, sheet form, mesh form, punched form, lath form, porous form, foamed form or form of a 
molded article of fibers. The thickness of the collector which is usually used is from 1 pm to 1 mm although the present 
invention is not particularly limited thereto. 

so Examples of nonaqueous ionic conductors used in the present invention are organic electrolytic solutions, h.gh- 

molecular solid electrolytes, inorganic solid electrolytes, fused salts. Among those, the organic electrolytic solutions 

can be preferably used. . . 

It is preferred that, here, the solvent for the nonaqueous ionic conductor contains a mixed solvent comprising at 
least propylene carbonate (PC) and ethylene carbonate (EC) in a ratio (by volume) of from 9:1 to 1 :9 and is optionally 
55 combined with other solvents. More preferred solvent is a mixed solvent of PC and EC in a ratio (by volume) of from 
g-1 to 5 5 and other solvents if desired. The ratio range outside the above is not preferred because, when the amount 
of PC is more than the range of PC:EC = 9:1, decomposition of the solvent takes place prior to others whereby such 
a solvent is not practical for use in the secondary batteries while, when the amount of PC is less than the range of PC: 
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EC = 1 9 the characteristics of the nonaqueous ionic conductor at -40°C or lower are deteriorated whereby the sec- 
ondary batteries do not work at low temperatures. Incidentally, the freezing point of PC is -48.8'C wh. e that of EC .s 
36 4»C Therefore, it is preferred when the amount of EC is less than the range of PC:EC = 5:5 (by volume) because 
the characteristics of the nonaqueous ionic conductor become closer to those of PC whereby the characterise prop- 
erties of the secondary batteries at low temperatures can be improved. orti „ lllar 

Here the above-mentioned other optional solvents are those having a low v.scos.ty and there .s no particular 
limitation as to the mixing ratio of the above-mentioned mixed solvent to the lowly viscous solvents. The use of such 
ow.y viscous sotvents is preferred because, as compared with the sole use of a mixed solvent of PC wrth EC, the 
viscosity of the nonaqueous ionic conductor decreases and the conductivity of lithium .on becomes high. 

Examples of such other solvents which may be optionally added to the nonaqueous ,omc conductor are cycte 
carbonates such as buty.ene carbonate; chain structure carbonates such as dimethyl carbonate, diethy ca donate, 
rthyl methyl carbonate and dipropyl carbonate; lactones such as gamma-butyrolactone and gamma-valerolactone, 
Tans such as tetrahydrof uran and 2-methyltetrahydrof uran; ethers such as diethyl ether. 1 ,2-d,methoxyethane, 1 .2-d.- 
ethoxy ethane ethoxymethoxyethane and dioxane; dimethyl sulfoxide; sulfolane; methy.sulfolane; ace.on.tr.le methyl 
SL methyl aceTate. They may be used either solely or jointly. More preferred examples are chain structure ^ca - 
bS such as dimethyl carbonate, diethyl carbonate, ethyl methyl carbonate and dipropyl carbonate and a part.cu- 
larlv preferred example is ethyl methyl carbonate. 

Examples of electrolytic salts for the nonaqueous ionic conductors are lithium salts mcludmg lrth,um perchlorate, 
lithium borofluoride, lithium hexafluorophosphate, lithium hexafluoroarsenate, lithium trifluoromethanesutfonate. I.th.um 
> halides and lithium chloroaluminate. They may be used either solely or jointly. 

The nonaqueous ionic conductor may be prepared by dissolving the electro.yt.c salt .nto the above-mentioned 
solvent. The solvents and the electrolytic salts which are used for preparing the nonaqueous ionic conductors are not 

limited to those which are listed hereinabove. 

The positive electrode for the nonaqueous secondary battery of the present invention cons.sts of a positive-elec- 
25 trodo active material, a conductive material, a binder and, if necessary, a solid electrolyte. 

I, is preferred to use a lithium-containing chalcogenated compound as the positive electrode active material. When 
a lithiun^containing transition metal chalcogenate is used, the battery is completed in a charged state and ^erefore 
that is preferred when the safety during the manufacturing stage is taken into consideration . It .s also poss ble -to use 
Mn0 2 Mo0 3 , V 2 O s . V 6 0 13 and the like as an oxide containing no lithium but that is not preferred s.nce lith urn .s to be 
so previously contained in a negative or positive electrode whereby the manufacturing steps > become compLcated^ Ex- 
amples of the lithium-containing chalcogenate applicable are a cha.cogenate represented by ^ formute L^Mj ^ 
(in which M is any of Fe. Co and Ni; N is a transition metal or, preferably, a metal betang ng to a g oup 4B J^B oHhe 
periodic chart of the elements; 0 < x < 1 ; and 0 < y < 1 ). To be more specrfic L1C0O2, L.N.C* L FeO£ ^02*^ 
L like may be exemplified Additional applicable examples are a chalcogenate * £^ 

35 LiMn, N 0 4 (in which N is a transition metal or. preferably, a metal belonging to a group 4B or 5B of the per.od,c chart 
of the elements andO<zS2). To be more specific, LiMn 2 0 4 and the like may be exemplified. 

Examples of the conductive materia, applicable are carbons such as carbon black (acetylene black, thermal black, 
channel black, and the like), graphite powder, metal powder, although the present invention is not '™«^ther«te 

Examples of the binder applicable are fluorinated polymers such as polytetrafluoroethylene and polyv.nylidene 
fluoride; olefinic polymers such as polyethylene and polypropylene; synthetic rubber; and the like although the present 

invention is not limited thereto. ... *• 

The mixing ratio of the conductive material and the binder to 100 parts by weight of the positive-electrode act.ve 
material may be 5-50 parts of the conductive material and 1-30 parts by weight of the binder. 

The ratio outside the above range is not preferred because, when the conductive material ts less than 5 parts by 

45 weight or the binder is more than 30 parts by weight, the internal resistance or the polarization of the electrode becomes 
large and the discharging capacity of the electrode becomes lower whereby the practically usable lithium secondary 
battery cannot be prepared while, when the conductive material is more than 50 parts by weight, the relat.ve amount 
of the active material contained in the electrode decreases and the discharging capacity as the positive electrode 
becomes lower and, when the binder is less than 1 part by weight, binding ability is lost and the manufacture of the 

so battery becomes difficult due to a disintercalation of the active material and a lowering in the mechanical strength. 
When the binder is more than 30 parts by weight, that is not practical because, like in the case of the conductive 
material, the amount of the active material contained in the electrode decreases and. in addition, the .nternal resistance 
or polarization of the electrode becomes larger whereby the discharging capacity becomes low. 

In the preparation of the positive electrode, it is preferred for improving the binding ability that a heating treatment 

55 is conducted at a temperature which is around mefting point of each binder and is not lower than boH.ng point of the 

^Examples of materials to collectors applicable for the positive electrode are a metal alone or alloys. Specific ex- 
amples are titanium, aluminum and stainless steel. Other examples are copper, aluminum and stainless steel wherein 
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their surface is coated with titanium or silver as well as oxidized products there* The collector may be in a Joil torn, 
film form, sheet form, mesh form, punched form, lath form, porous form, foamed form, molded article of fibers. The 
thickness mav be from 1 urn to Imm but there is no particular limitation thereto. 

A separators used Staining the nonaqueous ionic conductive material. Examples of materials for the separator 
are nonwoven and woven fabrics of electrically insulating synthetic resin fibers, glass fibers, natural 
p oducts of powder of alumina, etc. and the like. Among those, nonwoven fabrics of synthetic resins such as potyeth- 
y.ene and polypropylene are particularly preferred in terms of the qua.ity stability of the battery. Some o the above- 
mentioned unvLen synthetic resin fabrics have a function of shutting off the space between the positive and the 
Tg^e lc3es as y a result of fusion of the separator by heat when the battery is abnormal* heated and in tenms 
of safety of the battery, separators of such a type may be preferably used. The thickness of the i^-n^ 
Lfcri/.imited sofar as the separator is capable of retaining a necessary amount of ^^J^^SSS 
material and also of preventing the short circuit between the positive and the negative electrodes. Usually, the th.ckness 
mav be around 0 01-1 mm and, preferably, around 0.02-0.05 mm. . 

W^he constitutfon of the present invention is adopted, it is now possible that the graphite particles hav.ng a 
tJ^ZSlZ^SLa are used as the negative e.ectrode active materia, for combining With the nonaqueous 
Z£2££ZL* mainly comprising propylene carbonate and having - ^i^THa^ESS 
low temperature. Accordingly, the nonaqueous secondary batteries wh.ch have a highly un.form discharging potential 
of the battery and have an excellent property at low temperature can be now provided. nranMo 
Moreover, as a result of the constitution of the present invention, the , exce.len, ^haractensfic property ^ JWj? 
particles to which the amorphous carbon is added is not deteriorated even when a powdering or kneading step is 
^t^eLnoiaaL of the battery whereby i, is possible to reduce the cost for the manufacture of the ma- 
terials. 

EXAMPLES 

The present invention will now be further illustrated by way of the following examples. Incidentally, a method for 
mealJrlnX aveTge lattice space (d 002 ) or crystallite sizes (Lc and La) 
may be conducted by known ones such as a method which is ment.oned in Tanso Zairyo J.kken 
Mefhods of Carbon Materials). Vol. 1 . pages 55-63, edited by Tanso Zairyo Gakka. 1***™*™*'^%°" ™" 
oublished bv Kaqaku Gijutsusha". In the measurement of Lc and La, the shape factor (K) used was 0.9. 
^ The ^Surface area of the particles was measured by a BET method wh i.e | « h ^^™^^ 
by a laser diffraction particle size distribution measuring apparatus and the peak of the particle size distribution was 
defined as an average particle size. 

35 Example 1 

ArWicial graphite particles (flakes; particle size: 9 urn; d 002 : 0.337 nm; Lc: 100 nm; La: 100 nm, 
- area Sg were used as graphite particles and. in accordance with a method as mentioned below, a carbon material 

in which amorphous carbon was adhered on the surface of the graphite particles was prepared. 
<o "The ™TZIZ*6 graphite powder (5 g) was placed on a plate for a sample **^*™™ a £™^ 
an air at 600»C for five hours. As a result thereof, the graphite powder weight became *9 g. Then 1 g of the oxdized 
graphite powder was placed on a plate 6 for a sample in an electric furnace as shown ,n RgJ a^on gas ^ and propane 
gas were supplied into a quartz tube 5 using a carrier gas supplying line 1 and a materia. <£"upp*n£ ' ' "otur^ The 
fively and then the needle valves 3 and 4 were operated to make the matenal gas conce " tra,,on h Y: t ^^ 1 ^^^ 
45 flow rate of the qas in the chamber was made 1 2 cm/minute. After that, the graphite powder was heated by a heating 
umaS 7 It 800^0 on the sample p.ate 6 and the propane gas supplied from a gas ^^^^Z 
to deposit the amorphous carbon onto the surface of the graphrte particles whereupon a "^J^"* 8 ^ 8 
material was prepared. Time for the deposition was three hours and the increasing rate .n weight at that t.me was 11 /o. 

' n R ?he nlg m a re S i 9 c^d°e U ^ive materia, prepared as such was dispersed in a solution which was prepared by ; dis- 
solving pofylinylidene fluoride (a binder) in N-methy.-2-pyrro.idone (a solvent) in a mortar tc^da pas e of m. 
negative electrode active material. The paste was coated on both sides of the collector made of copper fc* 
dried in an air at 60°C and dried in vacuo at 240«C to prepare a negate electrode in a form of a sheeL This ^was 
further dried in vacuo at 200'C toTe^moisture therefrom and the product was used as a negative etec roda An 
a^arentsurta^rTaandthicknessoftheresultingnegativ 

of the collector which was 50 urn), respectively. . r ^f„ ro „«ii.atin a thesinale 
A lead wire was electrically connected with the copper collector of the negative electrode for evaluating the single 
electee The evaLJtSn wts conducted using a three-e.ectrode cel. in a glove box under an atmosphere of argon 
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where lithium was used as a counter electrode and a reference electrode. The nonaqueous ionic conductive material 
used here was a solution which was prepared by dissolving lithium perchlorate (an electrolytic salt) in a mixed solvent 
consisting of PC, EC and diethyl carbonate (DEC) to make the electrolyte salt concentration 1 mole/liter. The ratio by 
volume of a mixture of PC and EC to DEC was made 1:1 and an evaluation of the electrode was conducted using a 
5 solvent composition as shown in Table 1 . The charge-discharge test was conducted in such a manner that a charge 
was carried out at the current density of 30 mA/g of the negative electrode active material to an extent of zero volt (to 
Li/Li + ) and then a discharge was carried out at the same current density until 2.5 volts. The results are given in Table 
1 and in Fig. 2. 

10 Comparative Example 1 

The surface of the graphite particles (artificial graphite) used in Example 1 which were not subjected to an oxidizing 
treatment was deposited with the amorphous carbon under the same conditions as in Example 1 and the resulting 
negative electrode active material was subjected to an evaluation as a negative electrode by the same manner as in 
is Example 1. An increase in weight after deposition of the carbon in that case was 9%. The results are shown in Fig. 2. 

As shown in Fig. 2, a high charge-discharge capacity and a high initial charge-discharge efficiency were achieved 
when a graphite material wherein amorphous carbon was adhered on the surface of the oxidized graphite particles 
was used as a negative electrode active material and a mixed solvent containing at least PC and EC was used as a 
nonaqueous ionic conductor. This is believed to be due to an increase in an adhering strength of the graphite particles 
) with the amorphous carbon. It is noted that such effects are remarkable especially when the EC is 0.5 or less in terms 
of the ratio by volume. It is also noted from the results of Example 1 and Comparative Example 1 that, when the 
amorphous carbon is adhered under the same conditions, the oxidized one gives more deposition and the depositing 
efficiency of the carbon is high as well. 

25 Example 2 

A negative electrode was manufactured by the same operations as in Example 1 except that natural graphite 
(made in Madagascar; flakes; particle size: 12 ujti; d 002 : 0.336 nm; Lc: 17 nm; La: 27 nm; specific surface area: 8 m 2 / 
g) was used as a starting graphite particles, oxidizing temperature was 700°C and the time required for the oxidation 
30 was 2.5 hours and was subjected to an evaluation. In this case, an increase in weight after deposition of the amorphous 
carbon was 70%. Incidentally, the nonaqueous ion conductor used here was prepared by dissolving lithium hexafluor- 
ophosphate (an electrolyte salt) in a 2:1 :2 (by volume) mixture of PC, EC and dimethyl carbonate (DMC) to make the 
concentration of the electrolyte salt 1 mole/liter. The results are shown in Table 1. 

35 Comparative Example 2 

A negative electrode active material was prepared by depositing the amorphous carbon on the surface of the 
graphite particles (which was the same natural graphite [made in Madagascar] as used in Example 2 though unoxidized 
in this case) under the same conditions as in Example 1 and was subjected to an evaluation by the same manner as 
in Example 2. An increase in weight in this case after deposition of the amorphous carbon was 11%. The results are 
shown in Table 1 . 

Example 3 

45 A negative electrode was manufactured and subjected to an evaluation by the same operations as in Example 1 

except that an artificial graphite (flakes; particle size: 0.7 u.m; d 002 : 0.338 nm; Lc: 14 nm; La: 25 nm; specific surface 
area: 150 m 2 /g) was used as a starting graphite particles. An increase in weight after deposition of the amorphous 
carbon in this case was 38%. Incidentally, the nonaqueous ion conductor used here was prepared by dissolving lithium 
borofluoride (an electrolyte salt) in a 2:1:5 (by volume) mixture of PC, EC and ethyl methyl carbonate (EMC) to make 

so the concentration of the electrolyte salt 1 mole/liter. The results are shown in Table 1 . 

Comparative Example 3 

A negative electrode active material was prepared by depositing the amorphous carbon on the surface of the 
55 graphite particles (which was the same artificial graphite as used in Example 3 although unoxidized in this case) under 
the same conditions as in Example 1 and was subjected to an evaluation by the same manner as in Example 3. An 
increase in weight in this case after deposition of the amorphous carbon was 29%. The results are shown in Table 1. 
As shown in Table 1 , it is possible to more strongly adhere the amorphous carbon on the surface of the particles 
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even in the case of a highly crystalline natural graphite wherein the decompos.t.or, of he nonaqueous .or 'conductor 
JThibited provided thai it is oxidized at 700°C. It is also noted that, since the art.fcal graph.tehav.ng a b>g specrfrc 
Surface area has a big contacting area with air, the amorphous carbon can be more strongly adhered on the surface 
of the graphite particles even by an oxidation treatment at 200°C. 

Example 4 

Artificial graphite was used as the starting graphite particles, oxidized under the same conditions as ; in Ex ample 
1 m*ed with a coal tar pitch and the mixture was calcinated firstly at 300°C for two hours .nj/acuo and then at 1,000 C 
orThree ^ours in^n atmosphere of nitrogen. The resulting sample was taken out from an electnc furnace, pulver.zed 
n a ^ mortar sTeverto Lect the particles of the uniform size and the resulting powder was sub,ected o the same 
operTons as in Example 1 whereupon the negative electrode was prepared and subjected to an eva uat,on. The 
no IS uTou o Sector used a, that time was prepared by dissolving lithium perchlorate in a 1^2 (by volume) 
Sure of PC, EC and DEC to make the salt concentration 1 mole/liter. The results are shown .n Table 1. 

Comparative Example 4 

Anegativeelectrodeactive material was prepared by adheringthe amorphous carbon .on ^ esurta f ^.^^ 
particles (which was the same artificial graphite as used in Example 4 atthough unox.d.zed ,n th.s case) under the same 
conditions as in Example 4 and was subjected to an evaluation by the same manner as .n Example 4. The results are 

Sh ° As shotlln Table 1 , it is noted that, even when the amorphous carbon is deposited on the surface of the graphite 
partides in a"iquid phase, the decomposition of the amorphous ion conductor is inhibited and. as a result of ox,d,z,ng 
Z » graphtte the adhering strength of the graphite particles with the amorphous carbon ,s .mproved. 



Example 5 

Artificial araohite used in Example 1 was used as the graphite particles and then the following method was con- 
ducted to r^^^^^^^ materia, wherein the amorphous carbon was adhered on the surface of the graph.te 

30 Parti Thus ,he above-mentioned graphite powder (5 g) was heated to reflux in 200 ml of 70% nitric acid at 110-C tor 
ten hour' washed with water and dried to give an oxidized graphite powder. There was no -crease .n we.ght after the 
Then TsTstL^ using an electric furnace as shown in Fig. 1 wherein .nitrogen gas and ethane gas 
were used as a carrier gas and a material gas, respectively. Concentration of the starting gas was made 3/o. The 
ss reaction temperature and the depositing time were made 830°C and 2.5 * ou J s J especUV r ^... bv , he same oper . 

Manufacture of the electrode and evaluation of the single negat.ve electrode were conducted by the same oper 
ations as in Example 2. The results are shown in Table 1 



Comparative Example 5 

A neaative electrode active material was prepared by adhering the amorphous carbon on the surface of the graphite 
particles (S wasTe same graphite par4.es as used in Example 1 although -"^^^^"J 
same conditions as in Example 5 and was subjected to an evaluation by the same manner as .n Example 5. The results 



are shown in Table 1 
Example 6 



A negative electrode acfive material prepared by adhering the amorphous carbon on the surface of the graphrte 
partic.es by he same manner as in Example 5 except that the concentration of nitric acid was 5% 
evaluation of the negative electrode was conducted by the same manner as ,n Example 5. Those results are shown 



in Table 1 . 



Example 7 



Oxidized graphite powder was prepared by the same manner as in Example 5 except that -n ox-d.z.nj the graph.te 
particles, fuming nitric acid (99% by weight of nitric acid) was used and the react.on temperatu e was ^ 

The same operations as in Example 5 were conducted for adhering the amorphous oarbon to the above-prepared 
graphite power and also for evaluating the single negative electrode. The results are shown in Table 1 
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Example 8 

ThP artificial araohite used in Example 1 was used as the graphite particles and a carbon material wherein amor- 

pJ~rr^ 

Thus, Ihe above graphite {5 g) was pBced ir i a 9 . c , ^ minuMS ^ „.„ 

particles and the amorphous carbon is improved. 
Example 9 

Example 10 

The grapMo powde, used in ^^"S^SSlw d sadi,™ hydroxide, srir.ed 

», eo^r s^ssr-^sssz s: — - — — - - - 

Table 1 



Discharging Capacity ( mAh/ 
9) 



Charge/Discharge Efficiency 
(%) 



Increase in Weight (%) 
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Example 1 
Example 2 
Example 3 
Example 4 

Example 5 
Example 6 
Example 7 
Example 8 
Example 9 
Example 10 

Comparative Example 1 
Comparative Example 2 
Comparative Example 3 
Comparative Example 4 

Comparative Example 5 



297 
334 
283 
305 

297 
298 
295 
293 
295 
296 

250 
261 
223 
290 

255 



65 
68 
60 
65 

65 
63 
63 
67 
66 
64 

50 
48 
38 
52 

50 
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70 
38 
17 

11 
11 
11 
12 
12 
11 

9 
11 
29 
11 
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c »ho r^c.H* nf F^moles 9 and 10 it is noted that, when the surface of the graphite particles is oxidized by 
thai a adhering srrangrh barwaan lha graphBa parliclaa and lha amorphous carbon .8 .mp.ovad. 



s Example 11 



An artificial graphite (flakes; particle size: 9 pm; d 002 : 0.337 nm; Lc. 100 nm; La. 100 nm; ^^ 8U *^J 
14 X) was used as graphite particles and then amorphous carbon was adhered on the surface of the graphUe 
particles to prepare a carbon material according to the following method m0 le/liter 
w Thus a solution prepared by dispersing 25 g of the artificial graphite in an aqueous solut.on of 0.06 mole/liter 

zssss =rr r-^~si— sr. ~ sr. 

ratio by volume of a mixture of PC EC DEC w f m *°f that a charge was carried out at the current density of 30 m/V 
out at the same current density until 2.5 volts. The results are g.ven in Table 2. 

Comparative Example 6 

TbasuHasaoHhagraphirapad^sradiiicia^^^ 
===355. r ^^a^^^^ = — nl,a , An 
increase in weight after deposition of the carbon in that case was 9%. The results are shown 

Example 12 

_ An aiaorroda was mana.acrurad and avaluar.d b»,h. sanra mannar as *^S!T~lS 
""t Sbown in Tabia 2 , -ran M grapb.a mararfc, praparad b v adbanng rira ™^^^S5?SS 
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It is also noted from the results of Example 11 and Comparative Example 6 that, when the amorphous carbon is 
adhered under the same conditions, the deposited amount is more in the case of being oxidized with potass.um per- 
manganate. It is therefore noted that the depositing efficiency is higher when an oxidizing treatment is conducted with 

POta |nlTrt P h e e7nTted n fmm the results of Examples 11 and 12 that, when the amorphous carbon is adhered under the 
same conditions the deposited amount is more in the case of being oxidized with potassium permanganate followed 
bv washing with an acid. It is therefore noted that the depositing efficiency is higher when washing with an acid is 
conducted after the oxidizing treatment with potassium permanganate. It is furthermore noted that, when a treatment 
of washing with an acid is conducted, the capacity per weight further increases. 

Example 1 3 

The same operations as in Example 11 were conducted except that natural graphite (made in Madagascar; flakes; 
panicle size 12 pm; d 002 : 0.336 nm; Lc: 17 nm; La: 27 nm; specific surface area: 7.5 rrtf/g) was used as the starting 
graphite particles, concentration of potassium permanganate was 0.1 3 mole/liter, treating temperature was 50 C. re- 
action temperature was two hours and the washing with acid after treating with potassium permanganate was conducted 
with sulfuric acid whereupon an electrode was manufactured and subjected to an evaluation. An increase in weight ,n 
that case after deposition of the carbon was 1 3%. Incidentally, the nonaqueous ion conductor used here wasprepared 
by dissolving lithium hexafluorophoshate (an electrolytic salt) in a 2:2: 1 (by vo.ume) mixture of PC, EC and ethyl methyl 
carbonate (EMC) to make the concentration of the electrolytic salt 1 mole/liter. At thai time, rt was confirmed that no 
manganese compound was present in the graphite particles. The results are shown in Table 2. 

Comparative Example 7 

The surface of the natural graphite (made in Madagascar) used in Example 13 which were no. subjected to an 
oxidving treatment was deposited with the amorphous carbon under the same conditions as in Example 11 and the 
^'l ng negiL elect rode active material was subjected to an evaluation as an electrode by the same manner as in 
Example 1 3 An increase in weight after deposition of the carbon in that case was 1 1 %. The results are shown ,n Table 2. 

30 Example 14 

The same operations as in Example 11 were conducted except that spherical graphite (particle size: 6 pm; d 002 : 
0 337 nm Lc 1 3 nm- La: 1 1 nm; specific surface area: 8 m2/g) was used as the starting graphite particles, concentration 
of potassium permanganate was 0.06 mole/liter, treating temperature was 50°C, reaction time was 25 hours and the 

35 washing with acid after treating with potassium permanganate was conducted with sulfuric acd I whereupon an electrode 
was manufactured and subjected to an evaluation. An increase in weight in that case after deposition of the carbon 
was 18% Incidentally, the electrolytic solution used here was prepared by dissolving lithium borofluoride (an e ec ro yhc 
salt) in a 3- 1 4 (by volume) mixture of PC, EC and dimethyl carbonate (DMC) to make the concentration of the electro lyt.c 
salt 1 mole/liter. At that time, it was confirmed that no manganese compound was present in the graphite particles. 

.o The results are shown in Table 2. 

Comparative Example 8 

The surface of the spherical graphite used in Example 13 which was not subjected to an oxidizing treatment was 
45 deposited with the amorphous carbon under the same conditions as in Example 11 and the resulting negat.ve electrode 
active material was subjected to an evaluation as an electrode by the same manner as in Example 14. An increase .n 
weight after deposition of the carbon in that case was 1 0%. The results are shown in Table 2. 

As shown in Table 2, when the graphite material prepared by adhering the amorphous carbon on the surface of 
the graphite particles which were oxidized with potassium permanganate was used as a negative electrode active 
so material, it is noted that a charge-discharge is possible even in a system containing PC and, moreover, a high charge- 
discharge capacity and a high initial charge-discharge efficiency are achieved independently of the shape of the graph- 
ite even in a system containing much PC. This is believed to be due to an increase in the adhering strength between 
the graphite particles and the amorphous carbon whereby a high capacity and a high charge-discharge efficency are 
achieved. 
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Example 15 

The artificial graphite used in Example 11 was used asa starting graphite, subjected to the same oxidizing treatment 
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wrth potassium permanganate under the same conditions as in Example »™«™«> ]J^J^^ 
• ^ ^;~o**h ot Qnn°r in an atmosohere of nitroqen or two hours and then at 1 ,oou u tor mree nours. i ne 

SEIi,^^ " uiverized in a mortar - sieved to col,ect the p artic,es l of t the 

SrdZ^nd men an electrode was manufactured from the resulting powder and subjected to an evaluation 
uniform diameters ana men mew electrolytic solution used here was prepared by dissolving lithium per- 

2SSZi ui.U mangaLe expound was p,a.am in ,ha 9 ,apn«. ^ Tha ,..u»s ara anown n Tabla 2. 

Comparative Example 9. 

The surface of the artificial graphite used in Example 15 which was not subjected to an oxidizing treatment was 
the initial charge-discharge efficiency are improved. 

Table 2 







Discharge Capacity (mAh/g) 


Efficiency (%) 


Deposited Carbon(%) 


Electrolytic Solution 




Example 11 
Comp.Ex. 6 
Example 12 


346.2 

250 

309.5 


76.9 

50 

62.8 


14.7 

9 
12 


PC:EC:DEC=2:1:3 
PC:EC:DEC=2:1:3 
PC:EC:DEC=2:1:3 


25 


Example 13 
Comp.Ex. 7 


305.4 
270 


64 

53.2 


13 
11 


PC:EC:EMC=2:2:1 
PC:EC:EMC^:2:2:1 


30 


Example 14 
Comp.Ex. 8 


280.8 
244 


58.8 
44.2 


18 
10 


PC:EC:DMC=3:1:4 
PC:EC:DMC=3:1:4 


35 


Example 15 
Comp.Ex.. 9 


310 

290 


63.2 
55 




PC:EC:DEC=1:1:2 
PC:ED:DEC=1:1:2 



Example 16 

hours ana tne wasnmg wnn «»wu a * . p , pctrode was conducted by the same manner as in Example 

upon an electrode was manufactured. Evaluation of the e e ^ ode ^ s ^° , nci dentally, the electrolytic solution 

no manganTse impound was present in the graphite particles. The results are shown in Table 3. The cycle charac- 
^^S^^-S*--- of the graphite particles measured without irradiation of the ultrasonic 
wave in water and measured with irradiation of it for three hours are shown as well. 

Comparative Example 10 

The surface of the graphite particles used in Example 16 which were not subjected to an oxidizing treatment was 
depose wlh;: : amorous ca'rbon under the same conditions as in Example 16 and the resuming n^-^ 
aeUve material was subjected to an evaluation as an electrode by the same manner a nn Ex ample 6. An increase 
weight after deposition of the carbon in that case was 1 0%. The results are shown ,n Table 3 and Fig. 3. 
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Comparative Example 11 

_., . 0 nf thp artificia , QraDhit e used in Example 1 6 which was subjected to an oxidizing treatment by potassium 
The surface o arttaaL B ^J"™ ^ui» to 1 6 was deposited with the amorphous carbon under the same 

«^™e *yZ same'manner as in Example 16. The results are shown ,n Table 3 and F,g. 3. 

Comparative Example 12 

„«h pauaesium permanganate unae. Iha same to. live hoa.s and man at . .000-C to, 
Table 3 and Fig. 3. 





Discharge Capacity (mAh/ 
9) 


Efficiency (%) 


Deposited Carbon (%) 


Before 


After 


Ultrasonic Ope 


ration (u.m) 


Example 16 
Comp.Ex.10 
Comp.Ex.11 
Comp.Ex.12 


350.8 
340.2 
320.7 
322.4 


82.8 
79.5 
78.8 
78.4 


14 
10 


12 
11 

12.5 
11.8 


11.6 
10.1 

8.2 
0.4 
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acteristics of the battery are excellent. 
Example 17 

(Preparation of Negative Electrode) 

A negative e.ectrode active materia, wherein the -f*"^^^ 
by the same method as in Example 1 , a dispersing agent of a ^Xrt^Ze^Xe ^ 0 p0 |y,etrafluoroethylene 
Jtrafluoroethy.ene was added (the ratio by weight of the nioke, three- 

after drying = 91 :9) and the mix.ure was made ,n o a paste ,n i a morta ™ d ^ at 240 o C , pressed 

was in a ta^ielloTm having a diameter of 14.5 mm and an electrode thickness of 0.41 mm. 
(Preparation of Positive Electrode) 

cobaltanllmony 1:9.95:0.05 ™.y ware m.xed ,n a nnoaa. eate^^ c(m r*, 8 «ton at 

Lio.98Co 0 .95 bD o.o5 u 2- * ne ^ ,u rDtn thpn ^ riisDe rsion of polytetrafluoroethylene was added (the ratio 
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and the resulting paste was coated on a titanium mesh collector. This was preliminarily dried at 60°C, subjected to a 
thermal treatment at 240°C. pressed and dried in vacuo at 200°C for removing the moisture therefrom to give a positive 
electrode. This positive electrode was in a tablet form having a diameter of 15 mm and a thickness of 0.9 mm. 

(Fabrication of Battery) 

As shown in Fig 4 a positive electrode 13 was press-fitted to a positive electrode case 17 wherein the positive 
electrode collector 1 4 was press-molded to the inner bottom and a seal packing 1 5 was installed. After that, a separator 
12 made of nonwoven polypropylene fabric was placed thereupon and impregnated with a nonaqueous ion conductor 
prepared by dissolving 1 mole/liter of LiPF6 (an electrolytic salt) in a 1:1:2 (by volume) mixture of PC, EC and DEC. 
In the meanwhile, a negative electrode collector 10 was press-molded to the inner surface of the negative electrode 
cover 1 6 and then a negative electrode 1 1 was press-fitted to the negative electrode collector. After that, said negative 
electrode 1 1 was placed on the above-mentioned separator 1 2 and then the positive electrode case 1 7 and the negative 
electrode cover 16 were caulked together via a seal packing 15 to fabricate a coin-type battery. 

(Evaluation of Battery) 

Charge-discharge current and upper-limit charge voltage of the coin-type battery fabricated as such were made 
1 mA and 4.2 volts, respectively and then charged at a constant-voltage of 4.2 volts where the charge time was made 
12 hours. A charge^Jischarge test was conducted after making the lower-limit discharge voltage 2.5 volts. The tem- 
perature-dependency of the capacity of the resulting battery was measured and the results are shown ,n Table 4. 

Example 18 

A negative electrode was prepared by the same method as mentioned in Example 17 except that the carbon 
material of Example 5 was used as a negative electrode active material. Both size and thickness of the prepared 
negative electrode were made as same as those mentioned in Example 17. Method for preparing the positive electrode 
and method for fabricating the battery were the same as those mentioned in Example 1 7 as welL 

The fabricated battery was evaluated by the same method as mentioned in Example 17 The results are shown 
in Table 4. 
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Example 19 

A negative electrode was prepared by the same method as mentioned in Example 17 except thai I the carbon 
material of Example 9 was used as a negative electrode active material. Both size and thickness of the prepared 
negate eLctrode' were made as same as lose mentioned in Example 1 7. Method for preparing the positive electrode 
and method for fabricating the battery were the same as those mentioned in Example 17 as well 

The fabricated battery was evaluated by the same method as mentioned in Example 17. The results are shown 
In Table 4. 

Comparative Example 13 

A negative electrode was prepared by the same method as mentioned in Example 1 7 except ^at the c arbon 
material of Comparative Example 1 was used as a negative electrode active material. Both size and th.ckness of the 
TeZ^e^Lec^e we're made as same as those mentioned in Example 1 7^ Method for prepannc . he positive 
electrode and method for fabricating the battery were the same as those mentioned in Example 17 as well. 

The fabricated battery was evaluated by the method mentioned in Example 1 7. The results are shown ,n Table 4. 

Table 4 



Measuring Temperature (°C) 


Examples 


Comp.Ex. 13 


17 


18 


19 


40 


17 


17 


17 


17 (mAh) 


25 


16 


15 


15 


15 (mAh) 


0 


11 


9 


9 


7 (mAh) 


-25 


5 


4 


4 


0 (mAh) 


25 (after 100 cycles) 


15 


14 


15 


12 (mAh) 



15 
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Table 4 (continued) 



w 



15 



-.20 



25 



30 



35 
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45 
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Measuring Temperature (°C) 


Examples 


Comp.Ex. 13 


17 


18 


19 


25 (after 200 cycles) 


15 


13 


14 


9 (mAh) 
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It is noted as shown in Table 4 that, as a result of oxidation of the graphite particles, an adhesive strength between 
the graphite particles and the amorphous carbon on the surface was improved and that a secondary battery having 
an excellent property even at low temperatures was able to be fabricated. 

Example 20 

(Preparation of Negative Electrode) 

A negative electrode active material wherein the surface was adhered with an amorphous carbon was prepared 
by the same method as in Example 1 1 , dispersed in a solution which were prepared by d"^""*™^ *££ 
(a binder) in N-methyl-2-pyrrolidone (a solvent) in a mortar and the resulting paste was placed into the pores of a mckel 
hree-dimensional porous collector. This was preliminarily dried at «TC. subjected to YT^'"^ 0 *^£ 
pressed and dried in vacuo for removing the moisture therefrom to g.ve a negative electrode. The resulting negat.ve 
electrode was in a tablet form having a diameter of 15 mm and an electrode thickness of 0.50 mm. 

(Preparation of Positive Electrode) 

Each of lithium hydroxide and nickel hydroxide was weighed to make the atomic ratio of '"hi^nickel 1:2 They 
were mixed in n mortar, calcinated in an oxygen stream at 700-C for 20 hours and pulvenzed ,n a morttu K > g.ve UNCj 
which was a positive electrode act^e material powder. The positive electrode act.ve matena prepared as such was 
m*ed with acetylene black, dispersed in a solution which was prepared by dissolving polyvmyhdene fluonde (a b nder) 
Tn methyl-2-p^rrolidone (a solvent) in a mortar and the resulting paste was coated on an aluminum tad co tocto t Th. 
was preliminarily dried at 60°C, subjected to a thermal treatment a. 240°C, pressed and dried m^cyo at 200 C lor 
Temovin^he moisture therefrom to give a positive electrode. This positive electrode was ,n a tablet form hav.ng a 
diameter of 14.8 mm and a thickness of 0.90 mm. 

(Fabrication of Battery) 

As shown in Fig. 4. a positive electrode 13 was press-fitted to a positive electrode case 17 wherein the .positive 
electrode Sector ?4 was press-molded to the inner bottom and an insulation packing 15 was metalled. After that a 
slpa aior 12 made of nonwoven polypropylene fabric was placed thereupon and impregnated with a nonaqueous ion 
ccSor prepared by dissolving 1 mole/liter of LiPF 6 (an electrolytic salt) in a 2:1:3 (by volume) mrtun .of POEC 
and EMC In the meanwhile, a negative electrode collector 10 was press-molded to the inner surface of the negative 
electrode cover 16 and then a negative electrode 1 1 was press-fitted to the negative electrode collector 

Then Sid negative electrode 11 was placed on the above-mentioned separator 1 2 and then the P"*"*""* 
case 17 and the negative electrode cover 16 were caulked together via an insulat.on pack.ng 15 to fabricate a com- 
type battery. 

(Evaluation of Battery) 

Charge-discharge current and upper-limit charge voltage of the coin-type battery fabricated as such were made 
1 mA and 4.2 volts, respectively and then charged at a constant-voltage of 4.2 volts where the charge 
2 hours A charge-discharge test was conducted after making the lower-limit discharge voltage 2.5 volts. The tern- 
perature^ependency of the capacity of the resulting battery was measured. The charge-d.scharge test was conducted 
!n a thermostat which was kept at 40°C. 25°C, 0»C and -20'C. The results are shown in Table 5. Moreover, the results 
of the cycle test conducted at 0 are °C shown in Fig. 5. 

Comparative Example 14 

A neaative electrode was prepared by the same method as mentioned in Example 20 except that the carbon 
materia, oftompS^ Example 6 was used as a negative electrode active materia.. Both size and thickness of the 
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prepared negative electrode were made the same as those mentioned in Example 20. Method for preparing the positive 
electrode and method for fabricating the battery were the same as those mentioned in Example 20 as weH. 

The resulting battery was evaluated by a method mentioned in Example 20. The results are shown in Table 5 and 
Fig. 5. 

Comparative Example 15 

A battery was manufactured and an evaluation of the battery was conducted by the same manner as in Example 
20 except that a 2:1 :3 (by volume) mixture of PC. EC and DEC was used as the nonaqueous ion conductor. The results 
are shown in Table 5 and Fig. 5. 

Table 5 



Temperature 


Example 20 


Comp.Ex.14 


Comp.Ex.15 


40° C 


16 


15 


16 


25°C 


14 


12 


14 


0°C 


10 


8 


8 


-20°C 


6 


1 


4 



It is noted as shown in Table 5 that, as a result of oxidation of the graphite particles with potassium permanganate 
an adhesive strength between the graphite particles and the lowty crystalline carbon on the surtace was .mproved and 
that a secondary batteiy having an excellent property even at low temperatures was able to be fabricated. 

As Sown in Fig 5 the graphite partic.es which were subjected to an oxidizing treatment with potassium perman- 
ganate had good cycle characteristics at low temperatures whereby it is noted that an oxidizing treatment of the graph, e 
paS.es witCtassium permanganate gave rise to an improvement in an adhesion strength between the graphrte 

^^nS^^-SSS^ -de in terms of the .ow,y viscous so,vent. an excel.ent cycle 

in which a chateogenated substance containing lithium is used as a positive electrode active matenal. and monaque- 
ou^ion conductor; arid said negative e.ectrode contains a negative e.ectrode active matenal which « a carbon matenal 
where an amorphous carbon is adhered on the surface of the oxidized graphite particles. =Hh _ iwp 
Consequently when the graphite particles are oxidized prior to adhesion of the amorphous carbon, an adhes,ve 
strength beTween he amorphous carbon and the graphite particles can be improved and, in addition the time for 
depositingtheamorphouscarbon can be shortened and the manufacturing cost can be reduced ,n a gas-phase pyrolyt.c 

^ F^rermolTwhen a nonaqueous ion conductor mainly comprising propy.ene carbonate having exce.tent charac- 
terises aH^ and a carbon material of a graphite type having an exce.lent un.formity of Potential and 
excellent characteristics at low temperature are jointly used, it is now possible to manufac - « secondary battery 
which has a high capacity, a high uniformity of potential and excellent characteristics at low temperature. 



Claims 



« ,. An active material for a negative electrode for a secondary battery, the active material comprising amorphous 
carbon adhered to the oxidized surface of graphite particles. 

2 An active material according to claim 1 , wherein the graphite particles have an average (002) plane lattice spacing 

by X ray wide angle diffraction of 0.335-0.340 nm, a crysta.lite thickness (Lc) to the direction o, 
th~f002?pZS not less than 10 nm, and a crysta.lite thickness (La) in the direction of the (110) p.ane of not less 
than 10 nm. 

3 An active material according to claim 1 or claim 2, wherein the graphite particles have a specific surface area of 
5-150 m 2 /g as measured by the BET method, and an average particle size of 0.7-80 pm. 

4 A method for the manufacture of a negative electrode active material, comprising the steps of oxidizing graphite 
particles and adhering amorphous carbon to the surface of the graphite particles. 
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5. A method according to claim 4. wherein the oxidizing step is carried out in air at 500-700°C. 

6 A method according to claim 4, wherein the oxidizing step is carried out by mixing the graphite particles with a 
(used alkali metal salt or by dispersing the graphite particles in an alkali metal salt solution, separating the graphite 
particles and heating them to 300-700 o C in air. 

7 A method according to claim 4. wherein the oxidizing step is carried out by treating the graphite particles with a 
0.01 -1 mole/liter aqueous solution of potassium permanganate at a temperature from ambient to 100 C. 

8. A method according to claim 6 or claim 7, wherein the oxidized graphite particles are washed with an acid before 
adhering the amorphous carbon to the surface thereof. 

9. A method according to claim 8, wherein the acid is selected from sulfuric, nitric, hydrochloric, phosphoric and 
hydrofluoric acids and hydrogen peroxide. 

10. A method according to claim 4. wherein the oxidizing step is carried out by treating the graphite particles with 
5-99% by weight nitric acid at a temperature of 20-1 30°C. 

11. A method according to any one of claims 4 to 10, wherein the amorphous carbon is adhered to the surface of the 
o graphite particles by deposition of a hydrocarbon gas-phase pyrolysis product. 

1 2 A nonaqueous secondary battery comprising a negative electrode, a positive electrode including an active material 
' comprising a chalcogenated substance containing lithium, and a nonaqueous ion conductor, the negative electrode 
containing an active material according to any one of claims 1 to 3 or as manufactured according to any one of 
25 claims4to11. 

1 o. A nonaqueous secondary battery according to claim 1 2, wherein the nonaqueous ion conductor comprises a mixed 
solvent which contains at least propylene carbonate and ethylene carbonate. 

14. A nonaqueous secondary battery according to claim 1 3, wherein the volume ratio of propylene carbonate to eth- 
ylene carbonate is from 9:1 to 1 :9. 

15. A nonaqueous secondary battery according to claim 14, wherein the volume ratio of propylene carbonate to eth- 
ylene carbonate is from 9: 1 to 5:5. 

16. A nonaqueous secondary battery according to any one of claims 12 to 15, wherein the chalcogenated substance 
is a metal oxide containing lithium. 

17 A nonaqueous secondary battery according to claim 16, wherein the metal oxide containing lithium is L^M^NyC^ 
" (in which M is Fe, Co or Ni; N is a transition metal; O < x < 1; and O < y < 1) or UMn 2 . 2 N 2 0 4 (in which Nisa 
transition metal; and O < z < 2). 

18. A nonaqueous secondary battery according to claim 17, wherein the metal oxide containing lithium is LiCoO* 
LiNi0 2 , LiFe0 2 , LiMn0 2 or LiMn 2 0 4 . 
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